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Apparatus for steering of roaming users to preferred opera-
tors at a roaming network uses operator agreements with
mobile operators, as well as usage predictions and historical
usage patterns, to calculate an optimized steering plan that
minimizes the charges to the home operator. The operator
agreements are typically step-like in nature and the plan is
constructed by iterating through different allocations of the
estimated usage between the various mobile operators. The
iterations may include various roaming services such as SMS
and data as well as mobile originated and mobile terminated
calls. The allocation finally selected as the optimal plan is
then output to a steering of roaming unit which identifies
registration attempts by actual roaming users and steers said
registration attempts to fulfill the quotas in the plan.
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1
SYSTEM AND METHOD FOR STEERING OF
ROAMING

RELATED APPLICATION

This application claims the benefit of priority under 35
USC §119(e) of U.S. Provisional Patent Application No.
61/609,464 filed Mar. 12, 2012, the contents of which are
incorporated herein by reference in their entirety.

FIELD AND BACKGROUND OF THE
INVENTION

The present invention, in some embodiments thereof,
relates to a system and method for a home network to steer its
roaming users to preferred partner mobile operators at a
roaming location.

Nowadays, Steering of Roaming (SoR) technology is com-
monly used by the great majority of mobile operators around
the world. SoR technology allows mobile operators to control
or steer their mobile users to register with particular mobile
networks when roaming outside their home network. Given
these capabilities, operators have the basic means to start
negotiating for better prices, as they can now steer users to the
network that offers them the best prices, or alternatively, they
could promise to steer users in the future in return for a better
deal, although in practice this is rarely done.

SoR allows operators to formulate Roaming Discount
Agreements, or simply Discount Agreements, between them,
instead of using flat charges. Quite a number of forms of
Discount Agreements have been formulated, and are typically
built of several tiers, in which each price tier is priced differ-
ently, and typically assigned to a certain traffic volume. This
allows operators to reduce the price only if their partner
creates a large enough traffic volume, or more generally to
relate unit charges to overall usage.

Due to relatively complex Discount Agreements, it is dif-
ficult to find the optimal steering of the mobile registrations
that may result in the lowest cost to the home operator. Today,
operators typically steer their users by manually setting steer-
ing goals such as percentages of users in each network. In
more advanced systems such as the Starhome IPN, operators
are able to aim at an accurate amount of traffic sent to each
operator, or even reach a certain cost based on flat fees. But
the effect of different unit costs depending on overall usage or
the effects of Discount Agreements remain outside the equa-
tion.

SUMMARY OF THE INVENTION

The present embodiments may provide a system whose
purpose is to automatically optimize Steering of Roaming,
taking into account Roaming Discount Agreements between
mobile network roaming partners.

The system may take into account all the different Roam-
ing Discount Agreements between the home network and the
various partners in a certain country, as well as historic usage
data, and outputs steering instructions with the aim of mini-
mizing the overall cost to the home operator.

According to an aspect of some embodiments of the
present invention there is provided apparatus for optimization
of'steering of roaming users to preferred operators at a roam-
ing network, the apparatus comprising: a first input for receiv-
ing data of past roaming usage;

asecond input for receiving cost data of respective roaming
network operators for future usage, the cost data comprising
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a relationship of cost to utilized volume, the relationship
being specific for each operator;

a steering optimization unit connected to the first input and
to the second input and configured to estimate future usage
from the past roaming usage and to assign the estimated
roaming usage between the respective roaming operators so
as to generate respective quotas for the roaming operators, the
quotas selected to minimize an overall usage cost for the
estimated usage, the quotas forming a steering plan; and

an output for providing the steering plan to a steering of
roaming unit to enable the steering of roaming unit to use the
steering plan to allocate identified roaming users among the
respective roaming operators according to the plan.

In an embodiment, the steering optimization unit is con-
figured to carry out the estimating of the future usage from the
past usage by applying a gain function to the past usage.

In an embodiment, the steering optimization unit is con-
figured to carry out the estimating of the future usage from the
past usage by applying a seasonal variation function to the
past usage.

In an embodiment, the roaming network operator usage
cost data involves a step function, one for each operator, and
the different step functions each have one or more step dis-
continuities. The quotas are selected by iteratively applying
usage to respective operators up to different combinations of
the step discontinuities and selecting a combination giving a
lowest cost.

In an embodiment, the network operator usage cost data is
provided for a first feature, say mobile originated calling, and
one or more additional features, and the usage of the different
features is related by respective proportional constants. The
apparatus may then use the proportional constants to normal-
ize the additional features to the first feature to allow for a
single calculation that optimizes for all features.

In an embodiment, the additional features are one or more
of' mobile terminated calling (MTC), short messaging service
(SMS), general packet radio service (GPRS), third generation
data services and fourth generation data services.

An embodiment may repeat the iterations for variations of
the predicted future usage, to determine whether the lowest
cost allocation is resilient to changes in usage levels or is
sensitive to changes in usage levels.

An embodiment may request user intervention in the case
of sensitivity to usage levels.

In an embodiment, cost data is for respective operator
predetermined time periods, the steering optimization unit
being configured to carry out the allocation separately for
units of time in which the cost data remains constant over all
of' the respective providers.

According to a second aspect of the present invention there
is provided a method for steering of roaming users to pre-
ferred operators at a roaming network, the method compris-
ing:

receiving data of past roaming usage;

receiving cost data of respective roaming network opera-
tors for future usage, the cost data comprising a relationship
of cost to utilized volume, the relationship being specific for
each operator;

estimating future usage from the past roaming usage and
assigning the estimated roaming usage between the respec-
tive roaming operators so as to generate respective quotas for
the roaming operators, the quotas selected to minimize an
overall usage cost for the estimated usage;

forming a steering plan from the quotas; and

outputting the steering plan to a steering of roaming unit to
enable to the unit to allocate identified roaming users among
the respective roaming operators according to the plan.
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According to a third aspect of the present invention there is
provided apparatus for steering of roaming users to preferred
operators at a roaming network comprising:

a steering optimization unit configured to use operator
agreements with mobile operators, as well as usage predic-
tions based on historical usage patterns, to calculate an opti-
mized steering plan that minimizes roaming charges, the
operator agreements being step functions, the unit construct-
ing the plan by iterating through different allocations of the
usage prediction between the various mobile operators and
selecting an optimal allocation for the plan;

and a steering of roaming unit, connected to the steering
optimization unit to receive the optimized steering, the steer-
ing of roaming unit configured to identify registration
attempts by actual roaming users and to steer the registration
attempts to fulfill respective quotas in the plan.

Unless otherwise defined, all technical and/or scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of embodiments of the invention, exem-
plary methods and/or materials are described below. In case
of'conflict, the patent specification, including definitions, will
control. In addition, the materials, methods, and examples are
illustrative only and are not intended to be necessarily limit-
ing.

Implementation of the method and/or system of embodi-
ments of the invention can involve performing or completing
selected tasks manually, automatically, or a combination
thereof. Moreover, according to actual instrumentation and
equipment of embodiments of the method and/or system of
the invention, several selected tasks could be implemented by
hardware, by software or by firmware or by a combination
thereof using an operating system.

For example, hardware for performing selected tasks
according to embodiments of the invention could be imple-
mented as a chip or a circuit. As software, selected tasks
according to embodiments of the invention could be imple-
mented as a plurality of software instructions being executed
by a computer using any suitable operating system. In an
exemplary embodiment of the invention, one or more tasks
according to exemplary embodiments of method and/or sys-
tem as described herein are performed by a data processor,
such as a computing platform for executing a plurality of
instructions. Optionally, the data processor includes a volatile
memory for storing instructions and/or data and/or a non-
volatile storage, for example, a magnetic hard-disk and/or
removable media, for storing instructions and/or data.
Optionally, a network connection is provided as well. A dis-
play and/or a user input device such as a keyboard or mouse
are optionally provided as well.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described,
by way of example only, with reference to the accompanying
drawings. With specific reference now to the drawings in
detail, it is stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of
embodiments of the invention. In this regard, the description
taken with the drawings makes apparent to those skilled in the
art how embodiments of the invention may be practiced.

In the drawings:

FIG. 1 is a simplified block diagram illustrating a steering
of roaming system that uses past usage data together with
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operator cost data to provide optimal steering according to an
embodiment of the present invention;

FIG. 2 is a simplified block diagram illustrating a time
chart of three cost functions for three different operators;

FIG. 3 is a simplified schematic diagram showing usage
minutes being allocated to different operators in accordance
with an embodiment of the present invention;

FIG. 4 is a simplified schematic diagram showing the time
chart of FIG. 2 divided up into periods with constant functions
for independent calculation; and

FIG. 5 is a simplified flow chart illustrating a possible
operation of the embodiment of FIG. 1.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

The present invention, in some embodiments thereof,
relates to a system and method for a home network to steer its
roaming users to preferred partner mobile operators at a
roaming location.

The present embodiments provide a system in which past
usage history as well as different usage costs or usage pat-
terns, can be used to steer roamers in such a way as to mini-
mize overall costs.

More particularly, apparatus for steering of roaming users
to preferred operators at a roaming network uses operator
agreements with mobile operators, as well as usage predic-
tions and historical usage patterns, to calculate an optimized
steering plan that minimizes the charges to the home operator.
The operator agreements are typically step-like in nature and
the plan is constructed by iterating through different alloca-
tions of the estimated usage between the various mobile
operators. The iterations may include various roaming ser-
vices such as SMS and data as well as mobile originated and
mobile terminated calls. The allocation finally selected as the
optimal plan is then passed to a steering of roaming unit
which identifies registration attempts by actual roaming users
and steers said registration attempts to fulfill the usage quotas
in the plan.

Before explaining at least one embodiment ofthe invention
in detail, it is to be understood that the invention is not nec-
essarily limited in its application to the details of construction
and the arrangement of the components and/or methods set
forth in the following description and/or illustrated in the
drawings and/or the Examples. The invention is capable of
other embodiments or of being practiced or carried out in
various ways.

Referring now to the drawings, FIG. 1 is a schematic dia-
gram illustrating a generalized embodiment of a system that
uses an apparatus for steering of roaming users to preferred
operators at a roaming network. The system 10 includes a first
input 12 to apparatus 14. The input receives data of past
roaming usage, such as TAP historical usage data from the
individual operators A, B and C, via data clearing house 16.

A second input 18 obtains cost data from the different
roaming network operators for future usage. The cost data
may be in the form of a discount agreement and may define a
particular relationship of cost to utilized volume. The agree-
ments are typically specific to the individual operator of the
roaming network.

A steering optimization unit 20 obtains the historical usage
data and the cost data, and firstly estimates future usage based
on the past roaming usage data. The estimate may be a simple
one-to-one extrapolation, or may assume a certain percentage
of growth, or may adjust for expected unusual events or some
combination of the above. The estimated roaming usage is
then assigned between the different roaming operators in that
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each operator is giving a usage quota, typically in percentage
terms, where the quotas are selected to minimize the overall
usage cost for the estimated usage. The set of overall quotas
constitutes a steering plan 22. For example, the steering plan
for a specific country can be to divide the roamers such that
70% are steered to roaming network A, 20% to network B and
10% to network C. Another example could be a usage-based
steering plan. That is, to allocate all heavy users of data to
roaming network A, and all silent roamers, that is users who
show very little activity to network B. The roamers can be
divided into clusters, based on their usage history, and the
steering plan may be associated with these clusters. A steering
of roaming unit 24 operates in real time to identify registra-
tion attempts by actual roaming users and steer the registra-
tion attempts to fulfill the defined usage quotas, and thus
fulfill the steering plan.

The steering optimization unit may estimate the future
usage from the past usage by applying a gain function. For
example it may be assumed that network usage grows by X %
per year, so that the usage for next period should be assumed
to be X % more than the usage for the identical period of the
previous year. In general, roaming usage has a seasonal aspect
to it. Tourism is a major source of roaming usage and has a
distinct seasonal pattern. Business usage has less of a sea-
sonal pattern, but there still is a seasonal pattern even there.
Thus use of historical data should compare identical periods
of different years, or a seasonal variation function should be
applied to compensate for seasonal variations. In addition,
special events of an international character such as trade fairs
or major sporting events may be inserted as additional factors
temporarily affecting roaming usage.

The roaming network operator usage cost data is most
generally a step function which is different for each operator.
An example is given in FIG. 2 which is discussed in greater
detail below. The step functions are generally continuous but
each have step discontinuities. The quotas may be selected by
iteratively applying usage to the functions of the different
operators for different combinations of the step discontinui-
ties and selecting a combination giving a lowest cost, as
discussed in greater detail below. An example is shown in
FIG. 3 which is discussed in greater detail below.

The step functions may be provided for several different
roaming features, such as mobile originated calls, mobile
terminated calls, SMS messaging and different data commu-
nication protocols. In one embodiment the different features
are dealt with by normalizing the different features using
usage ratios or proportions. Thus if two SMS messages are
sent on average for every phone call, then that proportion of
two to one is used to normalize the SMS usage and use it in the
same calculation, as will be discussed in greater detail below.

Iterations may be repeated for different overall usage level.
For example the future usage predictions may be varied, say
by ten percent each way. The lowest cost allocation may or
may not be affected and can be categorized as usage resilient/
stable or usage sensitive. In the case of being usage sensitive
the quotas may need to be changed when it becomes apparent
that actual usage is wandering significantly from the predic-
tion. The system may be able to modify the quotas based on a
recalculation or may request user intervention.

As willbe discussed in detail below, the agreements may be
for specific time periods, as shown in FIG. 4, so that the
assignment of quotas would be for the time period that the
same set of agreements are in force over all the operators. If
just one of the operator agreements change at a given time
then a new calculation period may be needed.
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Reference is now made to FIG. 5, which is a simplified flow
chart illustrating a method for steering of roaming users to
preferred operators at a roaming network.

The method first obtains data of past roaming usage—box
50.

The method then obtains cost data of the different roaming
network operators for usage over the time period in ques-
tion—box 52. The cost data includes a relationship of cost to
utilized volume, which is specific for each operator.

In box 54 the method estimates future usage from the past
roaming usage and other relevant data that may be to hand.
Box 56 indicates that usage allocated to different features is
normalized with a main feature such as mobile originated
calling, as will be discussed in greater detail below. Box 58
indicates an iterative process of assigning estimated roaming
usage between the different roaming operators so as to gen-
erate respective usage quotas for each roaming operator. The
lowest cost combination is typically selected in box 60. In box
62 the quota allocation is tested against perturbations in the
future usage estimate to decide how stable the quota solution
is to actual usage which is different from the prediction.

The lowest cost combination forms the steering plan,
which can now be sent to a steering unit. Box 64 indicates that
a steering unit may use the steering plan and identify regis-
tration attempts by actual roaming users. The steering unit
may then steer the registration attempts between the operators
to fulfill the usage quotas.

System Description

The following describes the Steering Optimization System
in greater detail by presenting its required interfaces, the
complexity and variety of Discount Agreements, and a first
exemplary algorithmic approach for generating an optimal
steering plan.

System Interfaces

As discussed above, FIG. 1 is a schematic block diagram
showing the overall Steering Optimization System and its
interfaces.

As explained above, the Steering Optimization unit 20 is
geared to producing a Steering Plan which is transferred to the
SoR system for optimized steering. In order to achieve that,
the Steering Optimization System may use some or all of the
following information:

1. Reference Data, such as the list of operators in each

country, their TADIG codes and more.

2. A list detailing Roaming Discount Agreements for all
operators with which a roaming discount agreement
exists or is about to be signed. The Discount Agreements
are comprised of various discount models, typically with
a tiered pricing approach, separated between different
services (mobile originated call MOC, mobile termi-
nated call MTC, short messaging service SMS & Data).
Many Discount Agreement models can be used as
described later in this document, and different operators
may use different models.

3. A continuous flow of TAP files from all operators with
which the home operator has roaming agreements. TAP
files are typically received from a data clearing house,
and contain all transactions carried out by roamers at the
visited network.

Given the above inputs and an algorithm the same as or

similar to the algorithms described herein, the Steering Opti-
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mization unit 20 may calculate and generate an optimal Steer-
ing Plan at any given point in time, which aims to minimize
the cost for the HPLMN.

Roaming Discount Agreements

Thekey to producing an optimal steering plan is to take into
account the complexity of Roaming Discount Agreements.

Discount Agreements are signed between the home opera-
tor (HPLMN) and his roaming partners (the VPLMNs). Per
country, the home operator will typically sign Discount
Agreements with a few of the operators in that country. Dis-
count Agreements are typically signed for 1 year (although it
can be longer or shorter). Since not all agreements are signed
together, the agreement timeline may be as shown in FIG. 2.

As illustrated in FIG. 2, the home operator may have Dis-
count Agreements signed with a few of the operators in a
specific country, each starting and ending at different periods
of time.

Now, diving into the structure of a single Discount Agree-
ment, it may typically include separate sections for the dif-
ferent services—MOC, MTC, SMS and Data. Each section
may typically be built from different price tiers, as shown in
Table 1 below:

Outbound MOC Section Example
TABLE 1
Typical Price Tiers for different levels of usage
Tariff Tier Traffic Tariff
1 0-500,000 €0.4/min
2 500,000-750,000 €0.35/min
3 750,000 and above €0.30/min

Many Discount Agreement models may be used between
mobile operators. Some of them are listed below:

Flat Rate—the simplest model, where a simple flat rate is

agreed upon.

Regular—this model is used when traffic is provided inreal
MOC/MTC minutes, SMS numbers and Mbytes of data.

Baseline+percentages—this model is used when traffic is
first stated as “baseline” for the first tariff tier, and next
tariff tiers are set as X percent on top of the baseline.

Balanced/unbalanced—this model is used when there are
no absolute traffic figures set; instead, operators pay
each other only when one of them exceeds the traffic of
the other, and therefore only “unbalanced” traffic tiers
can be set.

In each model, different tariff tiers may be used. Some are

listed below:

Regular tarift—tarift is entered per measured unit (minutes
for MOC/MTC, units for SMS and MB for data).

Retroactive tariff—if such a tier is reached, the tariff in this
tier applies retroactively from the first tier.

Send of Pay tariff—used when there is a commitment for a
fixed payment regardless of whether the traffic has been
consumed or not.

To summarize, Discount Agreements may appear in many
forms and shapes, which makes it difficult to find the best
steering plan to take advantage of all agreement details in
order to reach the minimal cost.

Finding an Improved Steering Plan

The following describes, in a schematic and high level
manner, a possible way to calculate the optimal steering dis-
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tribution in order to reach a minimized, or ideally a minimal,
cost. This is just an example, and alternative algorithms
would suggest themselves to the skilled person. Its purpose is
to show the feasibility of having a simple algorithm which
can, in a short number of iterations, reach an optimal cost
among agreements.

Prerequisites

In order to generate an optimal steering plan, to approach a
lowest cost, the following inputs are required:

The list of Discount Agreements with all the operators in

the country where the optimization is required.

Historic usage data.

For now we assume that the system has performed a pre-
diction of future usage based on historic usage data. The
prediction process is discussed hereinbelow.

Optimal Steering
MOC Only

Having a prediction of future usage, and taking into con-
sideration the Discount Agreements, an algorithm may be
applied which can find an optimal plan.

For simplicity in constructing the following example, we
assume the following:

We have 3 Discount Agreements, starting and ending at the

same time, each for a period of 1 year;

All agreements cover only MOC-mobile originated calls;

For each agreement, we have a function T,(minutes)
which, given the amount of minutes, returns the total
charge of the agreement. Such a function is very easy to
implement given the discount model and tiers as
described hereinabove;

The usage prediction indicates that during the next year the
total outbound traffic in the country would be 550,000
minutes.

In such a case, in order to reach the lowest cost, we may
treat each agreement as a bucket, and fill each bucket with a
certain amount of minutes, such that the total minutes sums
up to 550,000. Let’s assume we start by giving the first agree-
ment 1 minute, the second agreement 1 minute, and the rest to
the 3’ agreement. The distribution is illustrated schemati-
cally in FIG. 3, which shows the allocation of minutes to each
of three agreements.

In the example of FIG. 3 we distribute 550,000 minutes as
1414549,998 minutes between the 3 Discount Agreements.
The total cost for this distribution may be calculated as fol-
lows:

Total Cost=T,(1)+T,(1)+T;(549,998)

Now we can continue by changing the distribution—give 2
minutes to Agreementl, 1 minute to Agreement2, 549,997
minutes to Agreement3 and recalculate the cost, as follows:

Total Cost=T,(2)+T,(1)+T;(549,997)

The above method will eventually produce a result, but is
extremely inefficient, with the number of iterations going up
extremely fast as the number of agreements and number of
minutes grow.

A possible solution to the above would be to understand the
nature of Discount Agreements. The charge of a Discount
Agreement for a given usage is a linear function, and as such,
the minimal cost will be found at the boundaries of tariff tiers.
Therefore, by checking the cost of each agreement just
around the edges of a tariff tier we can find the minimal cost
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much faster. For example, if T, (minutes) has one tier set at
100,000 minutes, there is no point iterating by giving it 1
minute, 2 minutes etc.; instead, we could check around the
tier points. Therefore the interesting check points will be zero
minutes, 100,000 minutes, 100,001 minutes, and the total
minutes. Using this method, possible iterations may look like
this:

Cost, =T} (0)+T5(0)+T5(550,000)
Cost,=T}(100,0001+T5(0)+7T5(450,000)
Costy =T, (100,001 1+ T5(0)+7T,(449,999)

Costy=T}(550,000)+T5(0)+T5(0)

and so on. Of course, for each iteration step of T, we may also
iterate the same way over the other discount agreements.

Adding Other Services to the Equation

A second level of complexity can be introduced by consid-
ering other services such as SMS and Data, which typically
have their own traffic tiers. A possible way to handle these is
to normalize them to MOC tiers. For example, if we know,
based on historic data, that for every MOC call, 2 SMS
messages are sent on average, i.e. the ratio is 1:2 between
MOC and SMS, we can normalize the SMS tiers into MOC
tiers. For example, let’s assume that the first SMS tariff tier is
set to 50,000 SMS messages. Since we have a ratio of 1:2
between MOC and SMS, it means that after 25,000 MOC
minutes, 50,000 SMSs will be sent. Therefore, our algorithm
should iterate also over the 25,000 minute point, as this would
in fact be the SMS switch point between tiers. One may
enhance the model described hereinabove, and assume now
that each Discount Agreement’s cost is represented by a func-
tion of the form T, (minutes, sms), and then iterate over the
agreements as follows, remembering that for every MOC
minute we have 2 SMS messages in addition):

Cost, =T}(0,0)+T5(0,0)+T5(550000,1100000)

Cost,=T}(25000,50000)+T,(0,0)+T5(525000,
1050000)

Costy=T}(25001,50002)+T5(0,0)+T5(524999,
1049998)

and so on.
Handling Non-Overlapping Agreements

As described hereinabove, Discount Agreements may not
always overlap in time. An agreement with Operator A, for
example, may be from January till January of the following
year, while an agreement with Operator B may be from March
till March of'the following year. This introduces another level
of complexity. In order to handle this, a possible solution is to
divide the handled period of time into sub-periods, where
each sub-period has only one agreement per operator. The
time line of FIG. 2 is modified as shown in FIG. 4, and the
arrows at the base of the time line illustrate the separate
periods in which a constant agreement background is main-
tained.

Now, after dividing the whole period into sub-periods, one
can perform the iteration over the agreements separately in
each sub-period (after having predicted the usage per sub-
period), and then sum them all up to reach the overall cost for
the iteration.
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Usage Prediction and Sensitivity Calculation Usage
Prediction

As mentioned hereinabove, the algorithms used to find the
optimal steering plan depend on the prediction of usage in the
required future period. In order to predict future usage based
on historic data, many algorithms can be applied. For
example, the simplest algorithm would probably be to assume
that the usage pattern stays the same across the historic period
and the future period. Another algorithm may assume a cer-
tain growth, certain trends such as the increased usage of
mobile data, and perhaps even allow for manual configuration
of special events such as the Olympic games being held in a
certain country etc.

In any case, one may consider the following factors when
predicting future usage:

Seasonality—mobile usage is obviously affected by sea-

sonality and therefore should be taken into account.

Usage patterns of the various services—data usage, for

example, may behave differently than voice usage dur-
ing a certain season, as different parts of the population
travels abroad in different seasons.

Destination country—obviously each destination country

has its own usage patterns which need to be taken into
account.

Sensitivity to Usage Prediction

Another factor in generating an optimal steering plan is to
check the sensitivity of the plan to different usage patterns. As
described above, an algorithm should be applied in order to
predict usage in the required future period. However, as this is
just a prediction, the actual traffic will always be different
from the prediction. Therefore it is relevant to generate opti-
mal steering plans while assuming different usage predic-
tions, from, for example, —10% to +10% of the prediction.

Performing the above sensitivity check can basically yield
two results. One would be that the steering plan stays the same
for different usage predictions (e.g. steer all the way to Opera-
tor A). In this case, the plan is not sensitive to the accuracy of
the prediction. Another possible result would be that, assum-
ing different usage predictions, the optimal steering plan
changes (e.g. if the prediction is 550,000 minutes steer all the
way to Operator A, but if the prediction is 580,000 minutes
then steer all the way to Operator B). In this case the plan
should be flagged as sensitive to the usage prediction. In this
case a human person may be made aware of the sensitivity
analysis, and asked to instruct the system for the preferred
action.

Inbound Traffic Factor

Another important factor in generating an optimal steering
plan is to take into account the relations with the relevant
operators in terms of inbound traffic. If my system steers
outbound subscribers between operators A, B and C, the
potential impact of steering made by operators A, B, C
towards my network may also be considered. The roaming
agreement may include terms related to inbound traffic. Such
terms may be considered in a similar manner to the outbound
terms.

Another relevant factor in generating an optimal steering
plan is the relations between the operators and groups of
operators. If Operator A, for example, belongs to a group,
then the agreements with all group members may be taken
into account, for both outbound and inbound roaming (again,
in a similar manner).
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Summary

The above describes a system whose purpose is to auto-
matically optimize Steering of Roaming by taking into
account Roaming Discount Agreements between mobile net-
work roaming partners in order to minimize costs.

It is expected that during the life of a patent maturing from
this application many relevant steering of Roaming systems
will be developed and the scope of the term “steering of
roaming” is intended to include all such new technologies a
priori.

The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”.

As used herein, the singular form “a”, “an” and “the”
include plural references unless the context clearly dictates
otherwise.

It is appreciated that certain features of the invention,
which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment, and the above description is to be con-
strued as if this combination were explicitly written. Con-
versely, various features of the invention, which are, for brev-
ity, described in the context of a single embodiment, may also
be provided separately or in any suitable subcombination or
as suitable in any other described embodiment of the inven-
tion, and the above description is to be construed as if these
separate embodiments were explicitly written. Certain fea-
tures described in the context of various embodiments are not
to be considered essential features of those embodiments,
unless the embodiment is inoperative without those elements.

Although the invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, it is intended to embrace
all such alternatives, modifications and variations that fall
within the spirit and broad scope of the appended claims.

All publications, patents and patent applications men-
tioned in this specification are herein incorporated in their
entirety by reference into the specification, to the same extent
as if each individual publication, patent or patent application
was specifically and individually indicated to be incorporated
herein by reference. In addition, citation or identification of
any reference in this application shall not be construed as an
admission that such reference is available as prior art to the
present invention. To the extent that section headings are
used, they should not be construed as necessarily limiting.

What is claimed is:

1. Apparatus for optimization of steering of roaming users
to preferred operators at a roaming network, the apparatus
comprising:

a first input for receiving aggregated data of past roaming
usage, said data as received being aggregated over mul-
tiple users;

asecond input for receiving cost data of respective roaming
network operators for future usage, said cost data com-
prising a relationship of cost to utilized volume of mul-
tiple users, said relationship being specific for each
operator;

a steering optimization unit connected to said first input
and to said second input and configured to estimate
future roaming usage from said past roaming usage and
to assign said estimated future roaming usage of said
multiple users between said respective roaming opera-
tors so as to generate respective quotas for said roaming
operators, said quotas being selected on the basis of said
aggregated data and respective operator agreements to
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minimize an overall usage cost for said estimated future
roaming usage, said quotas forming a steering plan; and
an output configured to provide said steering plan to a
steering of roaming unit to enable said steering of roam-
ing unit to use said steering plan to allocate identified
roaming users among said respective roaming operators
according to said plan and said quotas.
2. The apparatus of claim 1, wherein said steering optimi-
zation unit is configured to carry out said estimating of said
future usage from said past usage by applying a gain function
to said past usage.
3. The apparatus of claim 1, wherein said steering optimi-
zation unit is configured to carry out said estimating of said
future usage from said past usage by applying a seasonal
variation function to said past usage.
4. The apparatus of claim 1, wherein roaming network
operator usage cost data comprises a step function for each
operator, respective step functions each having a plurality of
step discontinuities and said quotas being selected by itera-
tively applying usage to respective operators up to different
combinations of said step discontinuities and selecting a com-
bination giving a lowest cost.
5. The apparatus of claim 4, wherein said network operator
usage cost data is provided for a first feature and one or more
additional features, usage of said features being related by
respective proportional constants, the apparatus configured to
use said proportional constants to normalize said additional
features to said first feature.
6. The apparatus of claim 5, wherein said first feature is
mobile originated calling (MOC) and said additional features
comprise at least one member of the group consisting of
mobile terminated calling (MTC), short messaging service
(SMS), general packet radio service (GPRS), third generation
data services and fourth generation data services.
7. The apparatus of claim 4, further configured to repeat
said iterations for variations of said estimated future roaming
usage, to determine whether said combination giving a lowest
cost is resilient to changes in usage levels or is sensitive to
changes in usage levels.
8. The apparatus of claim 7, configured to request user
intervention in said case of sensitivity to usage levels.
9. The apparatus of claim 1, wherein said cost data is for
respective operator predetermined time periods, said steering
optimization unit being configured to carry out said allocation
separately for units of time in which said cost data remains
constant over all of said respective operators.
10. Method for steering of roaming users to preferred
operators at a roaming network, the method comprising:
receiving data of past roaming usage, said received data
being data that is aggregated over said roaming users;

receiving cost data of respective roaming network opera-
tors for future usage, said cost data comprising a rela-
tionship of cost to utilized volume of an aggregation of
users, said relationship being specific for each operator;

estimating future roaming usage aggregated over said
roaming users from said past roaming usage and assign-
ing said estimated future roaming usage between said
respective roaming operators using said aggregated data
and respective roaming agreements so as to generate
respective quotas for said roaming operators, said quotas
selected to minimize an overall usage cost for said esti-
mated future roaming usage;

forming a steering plan from said quotas; and

outputting said steering plan to a steering of roaming unit to

enable said unit to allocate identified roaming users
among said respective roaming operators according to
said plan and said quotas.
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11. The method of claim 10, comprising carrying out said
estimating of said future usage from said past usage by apply-
ing a gain function to said past usage.

12. The method of claim 10, comprising carrying out said
estimating of said future usage from said past usage by apply-
ing a seasonal variation function to said past usage.

13. The method of claim 10, wherein roaming network
operator usage cost data comprises a step function for each
operator, respective step functions each having a plurality of
step discontinuities, the method comprising selecting said
quotas by iteratively applying usage to respective operators
up to different combinations of said step discontinuities and
finding a combination giving a lowest cost.

14. The method of claim 13, wherein said network operator
usage cost data is provided for a first feature and one or more
additional features, usage of said features being related by
respective proportional constants, the method comprising:

using said proportional constants to normalize said addi-

tional features to said first feature; and

using normalized usage of said additional features together

with usage of said first feature in said iteratively apply-
ing usage.

15. The method of claim 14, wherein said first feature is
mobile originated calling and said additional features com-
prise at least one member of the group consisting of mobile
terminated calls (MTC), short messaging service (SMS), gen-
eral packet radio service (GPRS), third generation data ser-
vices and fourth generation data services.

16. The method of claim 13, comprising repeating said
iterations for variations of said estimated future roaming
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usage, to determine whether said combination giving a lowest
cost is resilient to changes in usage levels or is sensitive to
changes in usage levels.

17. The method of claim 16, comprising requesting user
intervention in said case of sensitivity to usage levels.

18. The method of claim 10, wherein said cost data is for
respective operator predetermined time periods, said method
comprising carrying out said allocation separately for units of
time in which said cost data remains constant over all of said
respective operators.

19. Apparatus for steering of roaming users to preferred
operators at a roaming network comprising:

a steering optimization unit configured to use operator
agreements with mobile operators, as well as usage pre-
dictions based on historical usage patterns of aggregated
roaming users, to calculate an optimized steering plan
for said aggregated roaming users that minimizes roam-
ing charges, the operator agreements being step func-
tions of user volume, the unit constructing the plan by
iterating through different allocations of the usage pre-
diction between the various mobile operators and select-
ing an optimal allocation for said plan, said optimal
allocation providing quotas for respective ones of said
operators;

and a steering of roaming unit, connected to the steering
optimization unit to receive said optimized steering, the
steering of roaming unit configured to identify registra-
tion attempts by actual roaming users and to steer said
registration attempts to fulfill respective quotas in the
plan according to respective provider step functions.
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